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INTRODUCTION 17
The cause (or causes) of mass extinctions (MEs) of marine and terrestrial biological genera and Grasby 2017 for more recent reviews). Insofar as the problem is germane to understanding the 21 evolution of life on Earth, its solution is important. 22
The cause can either be firstly, astrophysical, such as the impact of asteroids, or secondly, 23 terrestrial, due to changes in habitat together with drama induced by climate change and plate 24 tectonic movements, or both. Our aim here is, specifically, to determine or not the astrophysical 25 influence on MEs and the Earth's ecosystems through deep time. 26
Periodicity in fossil range data, in a loose sense, has been recognised for some time (Newell 27 1952) . The initial quantification, however, of periodicity in marine mass extinctions (Raup and 28 Sepkoski 1982) prompted a range of astronomical explanations: The Sun's oscillation about a Solar 29 plane (Schwartz and James 1984) , oscillation of the Solar System vertically about a galactic plane 30 (Rampino and Strother 1984) , the presence of a distant Solar companion, Nemesis (Davis et al. 1984; 31 Whitmire and Jackson 1984), the existence of a tenth planet (Whitmire and Matese 1985), i.e. 32 beyond the orbit of Pluto, and periodic comet showers (Alvarez and Muller 1984) . To these can be 33 added some earlier explanations, prior to the Raup and Sepkoski analysis, including periodic doses 34 of cosmic rays (CR) controlled by reversals in the Earth's magnetic field (Hatfield and Camp 1970) 35 and climate change based on fluctuating Solar energy and rhythms in mantle convection and 36 associated processes (Fischer 1977) . The concept of periodicity, however, has not received universal 37
acceptance. In a critique of the flurry of astronomical papers, Hallam (1984) noted the many 38 terrestrial causes of mass extinction including climate and sea-level changes together with 39 volcanicity while emphasising the shortcomings of the Fossil Record at that time in providing an 40 2 accurate time frame. Benton's (1993, 1995) Sun's vertical oscillations through the galactic disc (32-42 myr) between crossings, invoking the 75 influence of the mid-plane Oort Cloud and a dark matter disc, the latter providing a topical 76 connection between the evolution of life, extinctions and events in space (Randall 2015) . These 77 studies suggest that both biological and geological evolution on Earth may be controlled by a 78 periodicity in Galactic dynamics. 79
In order to investigate further the reality of periodicity and its relevance for the history of 
ANALYSIS OF THE GENUS EXTINCTION PROPORTIONS THROUGH TIME (P) 99
As is well known, the mean P-value increases with age in an approximately linear fashion (see Figure  100 1, solid (dashed) line excludes (includes) the large extinctions around 250 Ma and >470 Ma). Linear 101 fits give a reasonable representation of the data and these are adopted rather than more 102 complicated ones. There are, however, large deviations from the median line. large ME values beyond 470 Ma. Hence we conclude that the data are well represented by a 115
Gaussian distribution and an exponential tail. 116
The implication of such a Gaussian form at small values of ߂ܲ is that each P-value is the resultant of 117 smaller scale, i.e. less catastrophic events. For ߂ܲ > 0.1 the Gaussian component is negligible and 118 the exponential tail dominates; this strongly suggests contributions from mechanisms which caused 119 more catastrophic damage. 120 
121

THE SEARCH FOR PERIODICITIES 122
Fourier analysis 123
138
where ߂ܲ is the deviation of the P value from the trend line of the event at age ‫ݐ‬ , N is the total 139 number of events considered and ΔT is the total time range over which the sample of data is taken. 140
The absolute amplitude of the Fourier component with frequency ω is then given by 141
In order to judge the significance of any observed peak, random values of the ܲ and ‫ݐ‬ were 142 generated and passed through the analysis programme. The process was repeated many times and 143 the significance of a peak in the data is judged by the number of occurrences of peaks from the 144 random distribution with greater amplitude and therefore significance than the one observed in the 145 data. 146 147
Periodicity in the time series of the P-values 148
There is a wealth of literature on claims for periodicities in the extinction records (see above 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   5 process was repeated 1000 times. It was observed that 10% of the random extinction data had 165 peaks which were larger, i.e. more significant than those seen in the vicinity of 27 myr in All three datasets display their major peaks with probabilities >10% that they occurred by chance, 187 and thus are not significant. Understandably, the heights of the peaks differ across the analyses, 188 but the shapes of the distributions (N> P vs P) are the same. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Taking these factors together it is estimated that the period of successive oscillations varies by at 213 least±20%. Such variability in the period will influence any Fourier amplitude peak which is caused 214 by a repetitive process such as repetitive crossings of the Galactic plane. 215
The sensitivity of the Fourier analysis to the variability of the sinusoidal period was investigated by 216 passing through the analysis programme samples of events generated at random times with a pure 217 sine wave distribution of genus proportions. The starting period of the sine wave was chosen to be 218 27 myr which was then varied by a fraction generated randomly between events. Figure 5 shows the 219 results for a pure sine wave (upper panel) and as the period is varied (lower panels). The variations 220 in period were chosen to be Gaussian distributed with standard deviations of 2%, 4% and 6% of 27 221 myr. It can be seen that the peak broadens and disappears to be less than the noise level if the 222 variation of the period was generated with more than 5% of 27 myr. As explained above, any 223 astronomical cause would be expected to have a larger variation in period and phase than this. The 224 observed Fourier peak at 27 myr is therefore too distinct to be caused by repetitive crossings of the 225 Galactic plane because of the variation in phase and period expected in the Galaxy. Figure 5 shows 226 that astronomical processes with the expected variable periodicity cannot leave a discernible 227 spectral peak; in which case the significance of peaks in extinctions is irrelevant to the search for 228 astronomical causes. 229 230
From this we conclude that there is little evidence that MEs have an extra-terrestrial origin (apart 231 from the Chicxulub asteroid noted below). 232
233
ANALYSIS OF THE CRATER AGES 234
The 37 ('meteroritic-') craters from Rampino (2015) and Rampino and Caldeira (2015) were Fourier 235 analysed. These craters have relatively well-defined ages. The analysis shows that a peak in the 236
Fourier amplitudes occurs at a period near 27 myr (see Figure 3d ). Again to test the statistical 237 significance of the peaks, 1000 groups of 37 random crater ages were passed through the Fourier 238 analysis program. These showed that 39% of the random spectra had larger peaks, i.e. more 239 significant peaks, than the one observed in the data. This shows that the peak has a high probability 240 to be a statistical fluctuation and hence is not statistically significant. This indicates that the evidence 241 that the peak has a repetitive astrophysical cause is statistically weak. 242
The quality of the data is degraded by many effects such as the rather strange groupings over very 243 short (few myr) intervals, the loss of craters which have disappeared under the oceans, those prior 244 to the Jurassic largely lost due to subduction processes, and the degradation of the craters due to 245 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There is strong evidence that the frequency distribution of the probability of genus extinctions has 262 two components -a near-Gaussian distribution and a small exponential tail. The mean probability 263 has fallen with time. This is a consequence of the planet's increasing biodiversity, possibly populated 264 too by evolutionary-more-stable, longer-ranging species. 265
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